Background
Introduction
The Atlantic Forest is one of the largest centers of biodiversity in the world (Myers et al. 2000) . Its original area covered around 15% of the Brazilian territory, from the state of Rio Grande do Sul to the state of Piauí, and also portions of Paraguay and Argentina. However, only around 8% of its original cover remains preserved (Fundação SOS Mata Atlântica / Instituto Nacional de Pesquisas Espaciais 2011). Many of the remaining fragments are under intense anthropic pressure and are unevenly distributed throughout the biome, which hinders the preservation of endemic and threatened species (MMA: Ministério do Meio Ambiente 2012).
A large portion of Rio de Janeiro city is covered by remnants of the Atlantic Forest, distributed on three large mountain ranges: Gericinó-Mendanha to the north, Tijuca to the southeast, and Pedra Branca to the southwest. The latter includes the Pedra Branca State Park, or Parque Estadual da Pedra Branca (ICMBIO 2008) .
Despite considerable abundance in the Atlantic Forest, arthropod communities in the area are still poorly known. Terrestrial arthropods represent the largest proportion of the known biotic diversity in the world, where many highly diverse arthropod taxa are excellent bioindicators, even at small scale (Andersen 1990 , Schowalter 1995 , Brown 1997 , Fisher 2000 , Ferrier et al. 2004 ).
Spiders (Araneae) and other arachnids present high diversity, high abundance, and variable life styles. They are one of the main predators in terrestrial environments with a considerable impact upon prey population, acting as agents of biological control (Nyffeler and Benz 1987 , Riechert and Lockley 1984 , Young and Edwards 1990 . Spiders, in particular, are highly diverse, with more than 45,000 species in 114 families (World Spider Catalog 2015) . According to Agnarsson et al. (2013) , around 50 % of the deposited material in collections around the planet is composed by undescribed species. Some estimates point out that more than 80,000 species of spiders still await description (Brescovit 1999 ).
Spiders are a choice group for the carrying out species surveys with standardized techniques, because they are abundant and easily found (Coddington et al. 1991 , Cardoso et al. 2008 . Fieldwork may then be composed by active and passive sampling techniques during specific unit of time, allowing for the comparison of species diversity and study of the structure of the community of spiders (Coddington et al. 1991 , Scharff et al. 2003 .
Neotropical spider fauna seems to be the least known among the high diversity areas around the globe. One example of our incipient knowledge is the citation in Brescovit et al. (2011) of only 3,203 spider species for Brazil, included in 72 of the 112 known families at that time. However, this number is clearly underestimated, as the real diversity surely is much higher. Until now, there are records about the richness of species of spiders for some Brazilian states, like Amazonas (e.g. Nogueira et al. 2014) , Bahia (e. g. Melo et al. 2014) , Mato Grosso (e.g. Raizer et al. 2005) , São Paulo (e. g. , Brescovit et al. 2011 and Rio Grande do Sul (e. g. Buckup et al. 2010) . Additionally, there is a recent book chapter about the spider fauna of Parque Municipal do Marapendi in the city of Rio de Janeiro (Baptista et al. 2015) and other unpublished data (Santos et al. 2009 ).
According to Brescovit et al. (2011) , the known spider fauna for São Paulo state is represented by 875 described species, in 50 families. There are also records of 808 described species in 51 families for Rio Grande do Sul (Buckup et al. 2010) . In comparison, our knowledge on the Rio de Janeiro spider fauna includes 953 described species, as well as roughly 287 undescribed species and 258 morphospecies. According to the monograph of Quintarelli (2014) and a database compiled by R. Baptista (UFRJ) and partners, there are 1,498 species or morphospecies recorded for Rio de Janeiro in 61 families. Despite its small area, the spider fauna from Rio de Janeiro is the most diverse and best known in comparison to other states in Brazil according to available data. However, the current species list for Rio de Janeiro is still limited, incomplete and has never been published. This paper presents a standardized survey of the spider fauna and statistical estimates of the diversity in four forested areas at Pedra Branca State Park, the largest urban forest of Rio de Janeiro city. Previously, there were only records of sporadic fieldwork and rare citations in the literature about the spiders from the park, including type material of two species and specimens belonging to only 26 additional species or morphospecies.
Material and methods

Study Area
The Pedra Branca range is located at the municipality of Rio de Janeiro, between 22º 55' -23º 05' S and 43º 20' -43º 40' W (Figs 1, 2) . It has 197.27 Km² of area, aproximately 12,500 ha. The area of the park includes all slopes above 100 meters and forested areas nearby, surrounded by plain areas already occupied by urban sprawl (Coura et al. 2009 ). It is estimated that 6,920 ha (55% of the area) is covered by well-preserved forest and that 3,216 ha (26%) is under strong anthropic pressure, now covered by regenerating forests and grass fields. The Pedra Branca State Park was created in 1974 in order to protect the remaining natural environment, and especially the hydrographic network (Coura et al. 2009 ).
Four work stations were chosen for the present study. Each one is considered as the center of a square of 100 m , in which the spiders were collected. In the park, there are only three access points, consisting therefore of three core stations. One of them is distant and the area is covered by recent vegetation (Piraquara core) whereas the other two (Pauda-Fome and Camorim cores) have trails penetrating a more protected, older forest. Thus, two work stations were located near Pau-da-Fome (the main core station of the park) and two nearby the Camorim accessory core. The stations were chosen due to their preservation state and security reasons. One station in each access point was chosen in the best preserved areas we could find. The other stations were chosen near heavily used trails and considered as under higher anthropic effect with clear evidence of recent succession. The stations are: Station 1 (S1): Pau-da-Fome -Figueira (anthropic) Station 1 is located at an area of trails nearby the headquarters of Pau-da-Fome core station and the river that crosses the region. This area is subjected to a high influx of park visitors due to its easy access and use of the river for recreation. Here, the trees are smaller and more widely spaced with high abundance of bushes, soil bromeliads and exotic plants, as the big fig tree after which the trail is named.
Location: 22° 55' 57.0" S and 043° 26' 32.3" W. Elevation: 138 m.
Station 2 (S2):
Pau-da-Fome -Padaria Station 2 was initially considered by us as one of the oldest forest areas at Pau-da-Fome. It is reached after a 20 minute walk in a secondary trail following one of the park streams. This area is not easily accessed by the public and comprises the ruins of an old farm from the 19th century, which is surrounded by moderately steep ravines. There are few exotic plants and bushes at this station, with a clearing in the ruins, where there are small trees and some bushes and herbs, alongside moderately closed canopy in the surroundings. The stream borders were covered by more bushes and herbs than the remaining points. This station is located just behind the accessory core of Camorim. This area is under high pressure due to the park facilities and the constant human activity for recreation and water use. Also, there is a dam in the Camorim river and equipment for collection and treatment of water for human consumption on the nearby areas of Rio de Janeiro city. The trees are smaller than in other stations and there is a large number of bushes and exotic trees. All the spider collections were done alongside the river banks and on the nearby ravines.
Location: 22° 58' 12.0" S and 043° 26' 16.4" W. Elevation: 160 m.
Station 4 (S4): Camorim -Açude
This station is reached after a 45 minute walk in a steep trail that leads to a relatively large dike built for water collection. It is considered the best preserved area in this work. A larger number of higher trees and a denser canopy is found at this station, coupled with a small number of bushes and herbs, which indicate an older forest tract. There is no water course in the vicinity, but the river is located around 200 m from the station center, at the bottom of steep ravines.
Location: 22° 58' 08.3" S and 043° 26' 38.5" W. Elevation: 342 m.
Spider diversity (Arachnida: Araneae) in Atlantic Forest areas at Pedra ...
Collection Techniques and Identification of Specimens
Spiders were collected using methods adapted from the ones broadly used in similar studies (e. g. Coddington et al. 1991 , Toti et al. 2000 , Soerensen et al. 2002 , Scharff et al. 2003 , Cardoso et al. 2008 . All active searching samples took 30 minutes each. The first method is called "looking up", where all spiders seen from the knee to the highest point the researcher can reach were collected. This technique was done with one sample during the day (from 08:00 to 12:00) or in the afternoon (13:00 to 18:00), depending on field conditions, and two samples of 30 minutes each during the night (from 20:00 to 23:00). The second method called "looking down" aims to collect spiders found from the height of the knee to the ground. As in the previous technique, only one sample was done during the day, whereas two samples were made during the night. "Looking up" and "looking down" were the only active techniques used during nocturnal sampling. The third technique is called "sweeping", where an entomologic net (diameter approximatelly 40 cm) was moved over herbs and bushes to collect spiders, up to the level of the researcher's knee. The fourth technique is called "beating". This method allows the collection of spiders by shaking high vegetation while holding a 1 m² tray under it. The fifth technique is called "sieving", aiming to collect little spiders that live in the litter, by sifting it on a 1 m² tray. The sixth technique is called "cryptic", which is an active method to check on protected and hidden habitats, such as fallen tree trunks, tree and stone cracks and caves, in order to collect spiders that live in such conditions. Besides these active techniques, we used pitfall traps as the only passive technique. Twenty pitfall traps were buried in the ground in each sample station, during 8 days. Each trap was partially filled with supersaturated saline solution. All the spiders collected during this expedition were fixed in ethanol 75%.
The material was sorted into morphospecies at first. In contrast to many published surveys where the juveniles are discarded because they usually do not present many somatic characteristics to place them into morphospecies at species level, most juveniles were taken into account. Juveniles usually represent more than half of all collected specimens and its plain disposal implies in discarding a lot of useful information. The process of identification was conducted by comparison to published papers, type material, whenever possible, and online catalogs (e. g. World Spider Catalog 2015). All identifications were carried out by the authors and voucher specimens are deposited in the collection of the Laboratório de Diversidade de Aracnídeos/UFRJ. The voucher specimens collected during the survey are deposited under sample numbers PBR 001-5,889.
Data Analyses
In this paper, parameters related to alpha diversity were evaluated by estimates of species richness using methods of accumulation curves (Clench equation) and non-parametric estimators: ICE, ACE, Chao1, Chao2, Jackknife 1, Jackknife 2 and Bootstrap. Richness estimates were possible with the use of the software EstimateS Richness Estimator Program, Version 9.1 (Colwell 1999). It generated estimates of species richness based on empirical data.The structure of the communities of spiders was also evaluated with index widely used in taxonomic surveys like: diversity of species with Shannon-Wiener (H') Index, equitability with Pielou (J) Index and dominance by Berger-Parker Index (d), calculated by the usual mathematic formulas.
Results
Adding up all information sources, 14,735 spider specimens were recorded for the park, including records from literature, museum collections and our own field collections. Of those records, 14,626 were identified specimens belonging to 373 species and morphospecies in around 220 genera and 49 families. The remaining 109 specimens were early juveniles or too damaged to be identified to the species level.
From the total of 353 species and morphospecies collected in our expeditions to the park, 195 were attributed to species already described (54.9%). Among the others, one genus and 72 species are considered as new to science (20.7%) and 86 were left in the level of morphospecies only (24.4%). The last category includes species represented only by juveniles or belonging to taxa without a proper taxonomic revision. Considering only the 14,492 specimens collected during the survey, 2,754 are males (19.0%) and 4,030 (27.8%) are females, with a total of 6,784 adults (46.8%). The remaining 7,708 (53.2%) are juveniles. Table 1 lists each recorded species, the stations in the park they were collected (S1, S2, S3 and S4), sex (M = male, F = female or J = juveniles) and total abundance (TAb) of specimens. Among the 373 total species, 342 were represented by adult specimens and only 31 were represented by juveniles. Herein, 314 species were collected exclusively through the standardized survey (84.6% of the total species) with 287 represented by adults and only 29 represented by juveniles. The species represented only by juveniles were added to the database when it was clear that the spiders did not belong to any one of the other species already included. Almost all of the added species belonged to genera or even families not yet represented in the database.
A thorough analysis of the literature resulted in 17 papers containing records for 25 species and 37 specimens. Those records included specimens not only for the Park itself, but also to surrounding areas, as Jacarepaguá or only Pedra Branca. The database of Laboratório de Aracnologia, Museu Nacional/UFRJ, included 42 species/morphospecies and 83 specimens from the park and surrounding areas. The examination of the collection of the Laboratório de Diversidade de Aracnídeos/UFRJ revealed that 17 species and 26 specimens were from the same areas. The literature and collection records added up together 67 species/morphospecies and 134 specimens. Among the 12 species from the literature and that were not collected during the standardized survey, seven were labeled informing the Park itself or just "Pedra Branca". Four species were cited only to a larger area that includes the Park (Jacarepaguá): Teudis atrofasciatus, Xeropigo tridentiger, Peucetia flava, Peucetia rubrolineata and one cited for Recreio dos Bandeirantes, an area nearby the Park: Corinna demersa. Moreover, among the eight species present only on collections, three were mentioned from the surroundings: Actinosoma pentacanthum, Dendryphantes sp. 01 and Parasteatoda tepidariora. The inclusion of those ten species in the list was made for the sake of completude and reflects our belief that they are probably present in the park area. They may be rare or inhabit areas not sampled by us.
Species Abundance
Regarding species abundance, the 22 most abundant species (6.2% of total richness), represented by at least 1% of the total collected specimens, added up to 8,513 specimens (58.7% of total abundance) (Fig. 3) . On the other hand, 74 species are represented by only one specimen (singletons) and 37 by two specimens (doubletons). These "rare species" represent a sizable piece of richness (33%), but only a small part of total abundance (1.1%). The ten most abundant species in order are: Mesabolivar luteus (2,050 specimens); Mesabolivar togatus (647); Micrathena sanctispiritus (601); Cryptachaea digitus (579); Chrysometa ludibunda (545); Patrera cita (488); Odo pulcher (450); Thwaitesia affinis (386); Carapoia sp. n. 02 (335) and Janula bicorniger (324).
The difference in abundance between Mesabolivar luteus (2,050 specimens) and the second most abundant species, Mesabolivar togatus (647 specimens) is clear-cut, where both are dominant species in the local spider fauna. Apparently, according to our field observations on these very dominant species, they do not compete against each other, as M. luteus occupies higher places in the vegetation in comparison to M. togatus. It is also noteworthy that other three species among the 22 more abundant species are Pholcidae, Carapoia sp. n. 02, Mesabolivar sp. n. and Metagonia sp. n.
In relation to family richness and abundance, our results were in line with similar surveys on Atlantic Forest. Theridiidae is the richest family with 66 species (18.7%) in 27 genera. On the other hand, its abundance is the second highest, with 3,160 specimens (21.6%). As the second richest family, we observed Araneidae with 47 species (13.3%) in 21 genera. This family is the third most abundant (2,005 specimens). The third richest family was Salticidae with 45 species (12.8%), in 27 genera, and 640 specimens (only 4.4% of the total). Pholcidae was the most abundant family, with 3,810 specimens (26.3% of the total), but the fifth richest one, with 17 species (4.8%). The relatively high richness of Pholcidae in Pedra Branca State Park represents the highest number of species for the family in the world. The previous record was 15 species of Pholcidae in Reserva Ecológica de Guapiaçu, Cachoeiras de Macacu, also in Rio de Janeiro state, Brazil (Huber and Rheims 2011).
Richness estimates
To estimate the possible reach of the spider fauna, an accumulation curve was calculated using the most used estimators from literature by the software EstimateS Richness Estimator Program, Version 9.1 (Colwell 1999) . Only data from the standardized surveys of the park were included in our analysis. Abundance of collected species with more than 1% of total abundance.Suppl. material 1
Different estimators indicate a species total ranging from a minimum of 388 ("Bootstrap") to a maximum of 468 species ("Jackknife2") in this specific situation (Table 2 , Fig. 4) . Bootstrap estimator does not use only rare species to estimate the total richness, but all the samples obtained during the survey. It is calculated by adding up the total richness to the sum of the inverse proportion of samples in which every species occur (Smith and van Belle 1984) . On the other hand, Jackknife is a general statistical technique for reducing the bias of an estimator by removing subsets of the data and recalculating the estimator. Jackknife2 adds the total observed richness to a parameter calculated from the number of individuals and of rare species found only in one (uniques) or two samples (duplicates) in order to obtain the total species richness (Gotelli and Colwell 2010). In the present work, the species accumulation curves still have not reached an asymptote, but the curves slopes are apparently beginning to decrease. This may indicate that the curves are converging to a plateau and to stabilization on the estimated number of species. The effective number of species (353) is still lower than the lesser optimistic estimator ("Bootstrap"). Besides, the number of uniques reaches 78 and is exactly the double of the duplicates and the intersection between the two curves would only be reached by surveying the area during a few more years, which indicates the need for a higher collection effort.
Diversity patterns
The analysis of diversity patterns of the spider community in the study area includes the comparison of population parameters for each sampling station individually or by each Park core, Pau da Fome (S1 & S2) and Camorim (S3 & S4). The diversity indexes used were Shannon-Wiener (H'), equitability of Pielou (J) and dominance of Berger-Parker (d) ( In relation to alpha-diversity, H' was higher for Camorim (4.411), with an effective number (Shannon Exponential) of approximately 82 species. On the other hand, for Pau da Fome, H' was 4.051, with Shannon Exp of around 57 species. Individually, station 4 ("Açude") presented the highest rate for H' (4.331), with Shannon Exp of 76 species, followed by station 1, with H' of 3.999. These numbers indicate that Camorim core (stations 3 and 4) is more diverse than Pau da Fome (stations 1 and 2).
The high H' for station 4 is coupled to the highest equitability (J = 0.739) and the lowest dominance of one species (d = 0.055). In contrast to the dominance of Mesabolivar luteus in stations 1, 2 and 3, the most abundant species in Station 4 is Chrysometa ludibunda, with 204 specimens, whereas the second one is Mesabolivar togatus with 196 specimens. Those results, allied to the highest abundance and richness, indicates that station 4 is the best preserved and has the most complex environment among all stations.
Species new records and distributions
According to the World Spider Catalog 2015, this survey also highlights some new distribution records for different areas: Liocranidae -new family distribution record for Brazil; Tetragnathidae: Tetragnatha mandibulata Walckenaer, 1841 -new species 
Discussion and Conclusions
Our study uses standardized techniques alongside statistical tools to estimate the spider fauna in forested areas in Rio de Janeiro state. About Brazil as a whole, we can find studies documenting the fauna of spiders presenting a simple list of species (e. g. Buckup et al. 2010 , Brescovit et al. 2011 , Melo et al. 2014 , Nogueira et al. 2014 , and others that consider statistical tools to analyze the dynamics of the fauna (e. g. Álvares et al. 2014 , Raizer et al. 2005 , Nogueira et al. 2006 ).
In the state of Rio de Janeiro, the Laboratório de Diversidade de Aracnídeos is an active group working with spiders surveys in many different areas, like an ongoing work in the municipality of Macaé and other in the municipality of Mendes, which composed the monograph of Prado (2015) . In the city of Rio de Janeiro, however, our knowledge is still very incipient, with information from Parque Municipal do Marapendi (Marapendi Municipal Park), which until now was the only area of the city entirely surveyed with records of 159 species (Baptista et al. 2015) . Parque Nacional da Tijuca (Tijuca National Park) however, has already been partially surveyed as part of Rapid Ecological Survey during the elaboration of a new management plan for Tijuca Park. This study was included in the monograph of Silva-Moreira (2006) , where 308 species of spiders are mentioned for Tijuca National Park. Also, before this survey at Pedra Branca State Park, in the city of Rio de Janeiro, there have never been any statistical treatments about the spider fauna diversity.
Furthermore, sampling efforts must be considered in each survey because the spider fauna recorded for Tijuca is the result of a Rapid Ecological Survey with only one expedition with standardized methods. However, this specific area has many sporadic records since the 19th century. Therefore, a beta diversity comparison between the fauna of Pedra Branca and Tijuca is still not feasible, but it is expected that they may share most of the spider species.
The survey in Pedra Branca overcame our initial expectations on species richness, especially considering that this Park is under high anthropic pressure. It was expected that areas under these conditions would only present a higher number of species of broad distribution, which may allow them to survive the human influence and to withstand a higher variation in environment factors. The remarkable richness recorded for this urban forest, even higher than in Tijuca, may be related to its location at the western portion of the city of Rio de Janeiro, an area where human occupation started later. Another reason may be the predominance of steep hillside areas, which makes it difficult to access protected areas of the park.
Moreover, the little number of cosmopolitan and pantropical species and the large number of Brazilian species, especially the ones restricted to the Southeastern region, may indicate that the area of Pedra Branca State Park is still well preserved. However, the low comparative data from other areas hinders any inference on the subject at the present moment. So, we conclude this work acknowledging that even areas with high anthropic pressure can provide important information in order to ensure the protection of what remains of this historically vast area.
